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ABSTRACT 


Ambient noise data was collected from bottom-mounted 
myerophones in 65 £ms of water near Cape North, Nova Scotia, 
from January to April 1971. Preliminary analyses indicate 
that rr eeristee Madewunom datave@llected at other Sites 
mime Used im Only the broadest sense to predict noise 
fevels at Cape North. The open water spectral shapes resem- 
ble deep water spectral shapes proposed by Wenz (1962) rather 
than shallow water spectra found by Piggott (1964) at another 


location on the Scotian Shelf. Under-ice noise levels are 


below open water levels in the frequency range 40 Hz to 


2 kHz, but above this frequency, mechanical noise sources 
within the ice pack elevate levels above those found under 


open water conditions. 
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Po NERODUCT UCN 


The Knudsen curves published in 1944 [Ref. 1] were among 
the first printed data on underwater ambient noise. A sum- 
mary of ambient noise studies was published by Wenz in 1962 
[Ref. 2]. However, it made only cursory mention of the effect 
mee cover had on the ambient noise speetrum. 

During the last few years acoustic and environmental 
investigations have extended into ice-covered regions of the 
fecanmseee Installation of sam Undenmlcesseous tic Reseanch 
Station was completed in September 1970 near Cape North, 
Wenaeocotia, The facility, 4) jointeGanadian-United=otates 
project, consists of four underwater arrays 


ment for three of the arrays is located in a Naval Ordnance 


Laboratory (NOL) trailer, and an adjoining building houses 
terminal equipment for the Canadian Defence Research Board 
array as well as environmental sensors used in this study 
Cecures.) . 

The Cape North area is unique in that it presents a wide 
range of ice cover conditions during a relatively short ice 
season. The ice pattern has been observed to change from 
consolidated pack to loose pack and then to open water over 
a period of 24 hours. This change was the result of a change 
in wind direction. Strong tidal currents flowing between 
the Gulf of St. Lawrence and the Cabot Strait cause signifi- 


cant ice movement even in conditions of consolidated pack ice. 
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Two experimental acoustical systems are operated from 
the NOL terminal: 

1. An active and passive system designed by the Applied | 
Research Laboratory, University of Texas CARS) for hagne 
frequency reverberation and noise Studuese 

2. A'NOL designed passive system capable of monitoring 
signals from 30 Hz to 60 kHz. 

Research reported in this study was conducted with the 
NOL system; the ARL system was operated on a non-interference 
hasis and the data has been forwarded to the Applied Research 
Laboratory for separate analysis. The purpose of the project 
was twofold: 

1. To evaluate the system's performance by comparing 
results with those obtained by other workers uncer Similiar 
conditions. 

?. To extend the under-ice ambient noise above 10 kHz, 
since very little previous data has been reported above this 


limit. 
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Pie OUMMARY ORSAMBIENT SEA NOISE CHARACTERISTICS 


pee AMBIENT NOISE*WITHOUT ICE COVER 

The surveys by Wenz (1962) and Urick (1969) The 
wsetul references for average ambient noise levels. They 
also enumerate sources that cause noise levels to deviate 
from the average. Both authors agree that noise spectrum 
between 0 and 100,000 Hz may be divided into bands, with the 
level in each band being principally a function of a differ- 
ent variable. 

Urick divides the deep ocean spectrum into five bands 


(Figure 2). 
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Figure 2. Average deep water ambient 
noise spectrum (after Urick, 1969) 


Bomgelors, the Least known portion: it lies below 1 Hz 


and the noise appears to originate from hydrostatic and 


in 





seismic sources. Band II 1S characterized by a slope of -8 
to -10 dB/octave. The primary noise source is oceanic turbu- 
lence with wind dependence evidenced in very shallow water. 
Band III indicates a flattening of the spectrum that is 
related to distant ship traffic. Band IV contains the region 
best described by the Knudsen spectra with a slope of -5 to 
-6 dB/octave. Noise originates at the sea surface in the 
immediate region of the observation. Band V levels are con- 
trolled by the thermal noise oe nena by molecular agitation 
within the sea. Wenz also divides the spectrum into regions 
beers Classification allows for greater overlap; especially 
mmmene region between 10 and 1,000 Hz where turbulence, wind 
fearon and Ship traffic interact to modify the noise level. 

Mie esiape of the spectrum curves show littie time varia- 
mone However, the levels present at any location at differ- 
Piemermes may vary within wide limits. Urick reported a 
eecmaual variability of from 5 to 10 dB from the average 
which he attributed to transient sound sources such as 
itaerme Jife or short term changes in the sound transmission 
Gomditions. Levels observed in deep water show a consistently 
Heener Value in winter than in summer. This variation can 
be as great as 7 dB and is attributed to better sound trans- 
mission during the winter season. 

Shallow-water noise levels are generally 5 dB higher 
Etaneeerrespondine deen water Jevels in the trequency range 
that normally shows wind dependence [Ref. 2]. Piggott's 


Study of ambient sea noise in the shallow waters of the 


14 





Scotian Shelf [Ref. 4] showed a seasonal variation between 
January-April and May-December of 3.5 dB. This variation 
Paseaound to be frequency independent. Piggott concluded 
that over the frequency range of 10 to 3,000 Hz, sea noise 
Spectrum levels increase linearly with the logarithm of 

the wind speed. The rate of increase is frequency dependent 
although the relative spectral energy distribution of sea 
noise depends only on the wind speed. He also found noise 
mevels at Z0 fms to be Z to 3 dB higher than those at 28 fms 
and attributed this to a possible decrease in wind-induced 


meessure fluctuations with depth. 


Eee hiDIENT NOISE UNDER ICE COVER 

The most ohvious effect of ice Cover on any DoOdy of water 
[immmpecr reduce the intéraction of the atmosphere with the 
water surface. Noise measurements conducted by Payne [Refs. 
seond 6] and Macpherson [Ref. 7] in shallow ice-covered 
Peers Showed that there was little or no correlation 
ibemewecn uUnder-1ce noise levels and wind speed. However, 
mowme |Reft. 6G] demonstrated that low level open water spectra 
exhibit a relative maximum near 300 Hz, a similar maximum was 
Pouce tO OCCUr In low level undér-i¢ce spectra. He suggests 
that low level under-ice spectra include a small contribution 
PemoCmeml water Nose, possibly due to incomplete ice Cover on 
propagation from a distant open water source. Payne [Ref. 5] 
found the lowest open water noise level at 100 Hz to be 


as Oe ore while at 100 Hz the lowest under-ice level was -70 dB. 


ihe. 








faenemo1se sleveis did occur, however, associated with ice 
movement. Macpherson [Ref. 7] showed a progressive reduc- 
feGie in uUndeér-ice noise levels from January to April, which 
correlated with consolidation and growth of the ice pack. 

Noise measurements were conducted by Milne and Ganton 
mcr. 5) in deep water under Arctic sea ice during spring, 
Summer and winter seasons. Winter measurements under shore 
fast ice, composed of 95 per cent multi-year with five per 
cent one-year ice, showed that there were distinct quiet 
pademolsy periods corresponding to the times of maximum heat- 
ing and cooling. Higher noise levels were associated with 
eooling at lower temperatures. The noise appeared to vary 
bemwecen booms and crashes together with reverberations. 
Meine 2nd Ganton proposed that tensile stress Gurilig cuoiilp 
caused the cracking noise. Uniform spectrum levels between 
20 Hz and 8 kHz were observed on several occasions. This 
phenomenon was attributed to frequency-independent sound 
meamismissions from impulsive sources. 

Summer measurements were made under almost complete 
cover of one-year ice (70%) and multi-year ice (25%) with 
iewetece formation in open leads. Aural characteristics 
@eosely resembled the sound made by escaping steam, in 
contrast to the winter booms and crashes. Noise in the 
frequency band from 200 to 400 Hz showed nearly gaussian 
istrt bution, while the band from 3.2 to 6.4 kHz appeared 
non-gaussian. These findings were a reversal of the winter 
results. Relative motion within the ice pack caused 2 10 dB 
Micmcuiccm lene Ceneral level, 
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The authors summarized the characteristics of under-ice 
sea noise as: 

(1) Generally impulsive and highly non-gaussian. 

(2) Resulting from mechanical activity in the most 
part. The prime source in winter appears to be surface 
emaieking in response to tensile stress, while in summer, 
relative motion between floes predominated. 

(3) Most spectra were not exceptionally low and were 
occasionally equivalent to a sea state Pittec whey cll, 

Wind blowing over the surface of shore-fast ice has been 
isolated as a mechanism of noise generation especially when 
the impulsive thermal noise is at a minimum duri ie mpe rlOds 
of increasing ice surface temperature [Ref. 9]. Levels 
increased with windspeed and spectral shapes showed a pro- 
nounced response at a preferred frequency. A EneOne tiGdaer 
model indicated that the critical factor determining 
mesponse at high frequencies 1S snow thickness, while at 


low frequencies ice thickness is more important. 
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III. ENVIRONMENTAL CONDITIONS 


A. ICE CONDITIONS 
1. Reporting system 

Ice reports and forecasts were provided by Ice 
memecast Central, Halitax, Nova Scotia; these were supple- 
mented by photographs of the local area. 

A special ice observing and reporting system has 
been developed in Canada. This section explains only those 
features necessary to decode information on the charts illus- 
trated. The basis of the system is that the amount of ice 
in each of six age categories is reported in invariable 
Sraecr: 

Mullei= Yeam 1ec 

Second Year ice 

abies Cac admepleae 

Grey-White ice 

Grey ice 

Nilas and New ice. 
Amounts are reported as tenths coverage by class. The older 
forms are omitted if they are not present. This means that 
nilas and new ice always appears in the units column, grey 
ice in the tens column, etc. The amount of medium floe size 
or greater is also reported and this appears on the second 
line of the report immediately below the age class comprising 


the floe. A medium floe is over 100 meters long. for 
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4210 
5 ol 


three tenths is in floes medium size or greater; two tenths 





example: Bima smh On tCIOUNSminlaoks year 1Ce sed  whmen 
Pmey-white 1ce 15 present all less than medium floe size; 


Sememtenth grey ice all medium floe size or greater with no 


nilas or new ice. 
aene ne henoOhtrng features : 

(1) A solidus (/) is used to indicate some floes 
but less than one tenth of any class. 

(2) When more than nine but less than ten tenths 
total ice cover is observed, the concentration by class 
Teme total ten and the report will be circled. 

(3) To distinguish between one tenth of an age 
€lass and ten tenths of the next lowest, a change in digit 
‘eer ls Mandatory; thus 100 indicates one tenth of grey- 
white ice while 100 indicates ten tenths of grey ice. 

(4) Additional symbols are included in Table l. 

Z. Cape North Ice Conditions 

are Geile eau 
The Ice Forecasting Service, Canada Department 
®©f Transport, conducted a ten-year survey of ice conditions 
in the Cape North area between 1957 and 1966. It was found 
Maat first onset of ice occurred in early January and that 
the latest time ice persisted was mid-May. Average conditions 
indicate an ice season extending from late January to early 
April. No ice was present in the Cape North area during 1958. — 
The presence of consolidated pack ice in the 


emit onecape North iS a funetion of the severity of the 


1 
















Open Water Surface Features 


s 


May Rafted hee 


Fast Ice 





Polynaya | (n) RudcedmGe 
Nv Belts and Of. Wummocks 
{(— Patches 





on Snow Cover 
(n) 


(n) Tenths 


Additional symbols for ice reporting. 


winter and the wind direction. A moderately cold TINS 1b 
with persistent north to northwest winds can produce a 
broad area of heavy ice to the north and west; Mowe V Cue amc 
shift in wind direction to south or southeast results 01 
large leads opening along the coast. During periods when 
heavy ice is drifting through the Gapot otralrt, @ Snhittsce 
east or northeast winds will compact ice on the shore in 
Bay St. Lawrence and along the shore south of Cape North. 
Mild temperatures result in rapid melting of any ice com- 
pacted along the shore. The ice near Cape North never 


aetaiins shore Last status. 
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iiemsunrvey stated Enatein an average yearn. 
ice thickness ranges from two to four feet but may attain 
Five to six feet during very cold winters. 

Deeleemocas onl 70-7 il 

EGeeWasme present Ii eenecmVvIleinney JOf Cape 
Nomen trom 22 January until 11 April 1971. Southeasterly 
winds caused the ice to move offshore on several occasions, 
notably 12 February and 20 to 22 March. The greatest ice 
Semeentration, both at Cape North and in the central Gulf, 
oecurred between 20 and 22 February, while the heaviest ice 
heme resent during the first week of March. 

Summaries of ice conditions present at Cape 
Memen during analysed runs follow: 

(1) 29 January 1971: The fice Central codes 

(1342)and 4/6 show active development and progression to 
Mememmature forms (Figure 3). Figures 4 and 5 place the 
fee pack 11/2 miles to seaward of Cape North while the bay 
meeparcially filled with nilas. Figure 5 indicates westward 
movement aiong the inshore edge of the pack. This is a 
mesponse to currents since the wind was 5 mph from the 
southwest. 

(2) 22 Pebruiary sigvies (ne Tee Centrale code 
qT OCS hows Ene 16€€ to be almoStvatl Pres maximum maturl ty eee 
mace season. tthe presence of five tenths medium size tloes 
iM@redtes a e¢reater stability within the ice field than in 
the previous report (Figure 6). Figures 7 and 8 show the 


development of a large lead at the mouth of the bay. This 


tog 





was in response to tidal currents and occurred over a three- 
imme period, Figure 8a shows the effect of the tidal 
oscillation along the shoreline and indicates a series of 
Mpaeks extending from the shore. Figures 9 and 10 show 
Tridging along the edges of the floes and the large amount 
femorash near the refrozen lead in the left center of 
[meetibe > indicates that there has been considerable shear 
within the pack. Wind during this sequence was 10 mph 
Mmometie northwest. 

(3) 1 March 1971: The Ice Central codes 


midicate transition from ao Gomme Senne Ty hese thy Ou 





Cape North (Figure 11). Figure 12 shows that the bay was 
Peed with numerous broken and rafted floes; this indicates 
mm@eat the large first-year ice tioés nave Drokén Mp ia 
fmeomense to a recent storm. 

(4) S&S March 1971: The Ice Central codes 
mearcate a junction between 2500, 5311 and open water at 
Cape North. <A tape commentary for 6 March recorded ice 
extending seaward 11/2 miles with open water beyond. The 
wind was 25 mph from the west. 

(5) 15 Mareh 197i) The fee Centrale €ode™ 277i 
indicated that some of the first-year ice had melted and that 
some grey and new ice had formed. Tape commentary reported 
the bay was clear except for scattered floes and that the 
mar pack was 11/4 miles offshore. 

(G)\mell6 April 197i New iee was presente 


Ene Vicinity. 
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Figure 7. Cape North, 1100 22 Pebruatyeg fis 
Tire dark Srctechs New Gyecn Get 
is a refrozen lead. 
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FIGUY CoS eGape North, 1230 22 February nS jae. 
Note obvious movement of lice at 
mouth of Bay St. Lawrence. 
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Figure 9. Bay St. Lawrence, 22 Februar Lome, 
showing ridging along floe edges, and large 
amount of brash near refrozen lead left center. 
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B. TEMPERATURE AND SALINITY — 

The ocean near Cape North exhibits a dis tinetive guenynec— 
Haye eanare in temperature and salinity. 

1. A warm surface layer with temperature ranging from 
30°F during the winter to 70°F in late summer. Sa etsy 
varies from 26 o/oo in spring to 32 o/oo in late fal) aes 
vertical extent varies from 60 feet in summer to 170 feet 
during the winter. 

2. <A cold intermediate layer with a temperature range 
meme 30 to 35°F; the salinity varies trom 32 to 34 o/oo with 
the decrease occurring in late summer. This indicates that 
the thermocline develops sufficiently rapidly in the spring 
to prevent the efflux of fresh water from mixing during 
spring runoff. The fresh water ftselt will avcmuienotrati — 
fication. Thickness ranges from less than 100 feet in 
summer to 200 feet in the winter. 

3. A deep warm layer with a temperature near 40°F and 
a salinity in excess of 34 o/oo is the result of Labrador 
current and slope water flowing into the Gulf of St. Lawrence 
feet. 11). 

The surface layer is produced by water from. ene 
St. Lawrence River flowing out of the Gulf Of St.) Lawrence 
through the Cabot Strait. Progressive cooling of the surface 
throughout the fall, coupled with the maximum in surface 
salinity, overcomes the densley Sender elearlon. Thus eon. 
vective and wind mixing extend to greater depths. Eee ec 


winter cooling, followed by the development of strong 
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temperature and salinity gradients Tnepeine Sop le Cob oslelsia 
the density stratification and produce the intermediate cold 
layer. 

Figures 16 to 18 depict seasonal Pel ealaliealonets | ahigu elite 
three-layer temperature profile. The August profile shows 
that the surface and intermediate layers are at their minimum 
thicknesses and they are separated by a very strong negative 
gradient. Transition between the intermediate and deep 
layers is through a moderate positive gradient (Figure 16a). 
Surface cooling Bewones) cree tine in September (Figure 16b) 
and becomes progressively stronger so mane ose Nemo Ie Laie 
surface layer has deepened to 170 feet and shows a layered 
structure of its own. The maximum of surface Salinity late 
fall storms and continued cooling combine to DLeGuec —2 
deep well-mixed surface layer that has merged with the upper 
part of the intermediate layer by December (Figure 17). Tne 
January and February profiles are fy pilGakemod = hid omleam ae icke 
winter conditions. The surface and intermediate kay ei sees 
essentially at the same temperatures and merge with the 
deep layer through a slight positive gradient (Figure Fs) )) 6 
Figure 19 indicates the transition from a strong summer 
thermal stratification to a more uniform winter Condit fone 

The intermediate layer forms a well defined sound channel 
during the summer; thus distant sound sources will make a 
greater relative contribution to the spectrum received by 


a hydrophone in the layer than locally generated surface 
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Figure 17. Typical Cape North Temperature 
Profiles, November and December 
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‘Figure 18. Typical Winter Temperature 
Profiles, Cape North. 
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noise. More uniform winter sound transmission conditions 


Pam shift the balance in favor of local surface sources. 
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Figure 19. Temperature profiles showing 
transition from summer to winter conditions. 


C. TOPOGRAPHIC FEATURES? 


Ice margins during periods of glaciation almost always 
extended from the coast across the continental shelf. Tine 


Brimeipal topographic features of such a Shelf are irregular 





Information in this section was provided by Naval 
Ordnance Laboratory from original survey data. 


4] 


eae eo - 





memaain With many deep basins and troughs [Ref. 11]. The 
continental shelf surrounding Cape North is classified as 
eeelaciated continental shelf. 


The hilly mountainous terrain of the Cape North area 


continues onto the continental shelf and is terminated by 
the Laurentian Channel that runs southeast through the Cabot 
Biemait (Figure 20). Depths in this channel range from 200 
to 250 fms. 

ie wWmaerwater dcoustic arrays have been placed at a 
depth of 65 fms in an area where there is a relatively 
momere Slope seaward (Figure 21). The cables run along a 
Memes teep trough from the 60 to 10 fm contour. In the 
Eeweeezone, they are protected in a covered trenth. 

Mere and grab samples indicate what tne reépime Conmeasts 
mea jagged, firm rock bottom near shore and in the trough. 
The area surrounding the arrays consists primarily of small 
rocky patches interspersed with areas of sand and mud. 


itene 1S little evidence of thick sedimentary deposits. 
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IV. “DESERIPTHONVOFr RECORDING 


AND ANALYSIS EQUIPMENT 


A. NOL INSTRUMENTATION PACKAGE 

The instrumentation package consists of three information 
channels; two identical low-frequency, 20 Hz to 10 kHz, and 
one high-frequency, 20 Hz to 60 kHz. The three hydrophone 
pre-amplifier combinations are supported in a vertical line 
bya platform placed on the seafloor (Figure 1). The top and 
bottom hydrophones are low-frequency while the center hydro- 
poome is high-frequency. 

Figure 22, a functional block diagram of the instrument 
package, is intended to be uscd in conjunction with the fol- 
lowing description. The low-frequency hydrophone pre an leleeaker 
outputs are fed directly to ganged six-stage variable gain 
amplifiers, while the high-frequency pre-amplifier is ee cl 
through a four-position band pass filter before being applied 
to a separate variable gain amplifier. Control for felmte 
filter and amplifiers is provided by three six-pole, s1ix- 
posatien switches. These switches are stepped by means of 
tones generated by tone generators at the shore CNdeon ene 
cable. The presence of a tone on the cable is detected by 
a tone discriminator in the underwater package which applies 
a signal to activate the appropriate switch. Switch A, the 
filter switch, is actuated by a 14.5 kHz tone; a 7.35 al 


tone steps switch B, the high-frequency amplifier; while a 
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Position 


Switch A 
HF 
Filter Switch 


30 Hz to 
Gi0iee Whi. 


30 Hz to 
I aly 


SO Kitz LO 
60 kHz 


HOKE to 
BOo kHz 


50) ize eo 
60 kHz 


A6 and Bl 
SiOuts SN pUle 
to three 
pre-amps 
for self- 
noise test. 


elke, J lie 


Switch B 


He ’Gain 


6 dB 


iZ as 


20 dB 


Dora 


40 dB 


Switch C 


LF Gain 


Top 


0 dB 


12 dB 


20 dB 


32 dB 


5975 vals 


Switch Pos Melon Functions. 


Bottom 


ZS dB 


20 dB 


S75) «Ab 


GIS) aaa 5 





gSuekhiz tone Steps switch C, the low-frequency amplifier. 
Table 2 details the various functions of each switch position. 

Wien the NOL control panel switches are in positions A, . 
Bl, and Cl, a calibration oscillator is activated by the 
tone discriminator and a 4 kHz signal should be monitored 
at the output of all three channels. The calibration level 
input to the tape recorder was set to 1.4 volts peak-to- 
peak for the low-frequency channels and 2.8 volts peak-to-peak 
momectne high-frequency channel. 

The RS 100 hydrophone pre-amplifier voltage receiving 
meopense £or a low-frequency channel (Figure 23) is flat 
meomeo0 to 500 Hz. The maximum deviation throughout the 
imomenesponse region 1S +2,.5 dB. The overall frequency 


jmememense Characteristics of both low frequency channels 


meeomre 24) shows that except in the ranges 20 to 80 Hz 
aemaeo to 10 kHz, system frequency response corrections are 
unnecessary. 

Voltage receiving response for a Clevite CH-3A hydrophone 
@Eerenpiifier combination (Figure 25) indicates uniform sensi- 
Mnmity OVer a wide frequency range. Frequency-response 
@maraeteristics with various filter positions {Figures 206 
memc7) indicate that in the wide-band position, A 1, positive 
Memrecetions of up to 5 db are required for frequencies above 
waicizcs Vertical and horizontal response patterns are 
essentially omnidirectional. 

Outputs from the variable gain amplifiers are used to 


modulate standard frequency modulated channels. Carrier 
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System frequency response for both low-frequency channels. 
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High-frequency system response for bandpass 30 Hz to 60 kHz. 
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High-frequency system response for bandpass 30 to 6 kHz. 
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frequencies for the low-frequency channels are 320 kHz and 
200 kHz, and the high-frequency carrier is 1.6 MHz. These 
Signals are placed on the cable and detected on shore by 
discriminators which make the information available for 
recording or display. 

Recordings were made with an Ampex model 1100 tape recorder 
equipped with ESR 1000 electronics. Normal operations used 
channels 1 and 3 for frequency modulated low-frequency inputs. 
Channel 2 amplitude modulated data from the high-frequency 
channel. Channels 4 to 6 were available to record ARL system 
data while channel 7 was used to record voice commentary. 

The system also includes a built-in monitoring system that 


permits audio and video display of incoming S ema 1S% 


B. ANALYSIS EQUIPMENT AND CALIBRATION PROCEDURES 

The following equipment was used to reduce the NOL 
ambient noise data: 

1. A sangamo Model 3562 tape recorder converted to one 
feweeeinch operation [Ref. 12}. 

2. A Hewlett-Packard Wave Analyzer Model 302A with 
attached Sweep Drive Model 1297A [Refs. 13 and 14]. 

3. A Hewlett-Packard Wave Analyzer Model 3590A with a 
Mie-in Sweeping Local Oscillator Model 3594A [Ref.s 15 and 
ole 

4. One Krohn-Hite filter Model 3340. 


S. A Varian Model F 120 X-Y Plotter [Ref. 10]. 
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Auxiliary calibration and monitoring facilities were provided 
by a Wavetek signal generator Model 134, a Hewlett-Packard 
oscilloscope Model 120B, Hewlett pac leader ae UUM bib eC a Oliie 
meter Model 400L and an audio amplifier-speaker combination. 

Wave analyzers were selected in preference to octave- 
band filters because they provided greater flexability. 
Although both wave analyzers covered the frequency range of 
interest, Model 502A was used over the range 40 to 1,000 Hz 
while Model 3590A was used to examine frequency ranges above 
400 Hz. A 6-Hz bandpass with a 17 Hz/sec sweeprate and a 
100-Hz bandpass with a 100 Hz/sec sweeprate were the primary 
operating modes for Models 302A and 3590A respectively. The 
100 Hz/sec sweeprate and the time sweep Sesiiles woe cle O00! 
plotter that cperate in multi plesmommid scec/ Iien reduced the 
time required to change frequency scales when operating 
with Model 3590A. 

The X scale was calibrated to respond to a linear output 
voltage from the sweep drives of the wave analyzers correspond- 
ing to the frequency ranges being swept. However, when 
frequency ranges in excess of JC miizeieTe Swe mie . substituting 
the X-Y plotter internal time sweep mode in place of the Model 
3590A, sweeping local oscillator output caused no reduction 
mieeadcCuracy. 

The Y axis of the plotter was driven by linear voltage 
outputs of the wave analyzers. The linear Y output from 
model 3590A is 10 volts corresponding to full-scale meter 


deflection, regardless of the voltage range being measured. 


Sf 


> @ s- 











This feature is compatible with the fixed Y scales of the 
plotter which are multiples of 10 volts/inch. 5c aiblic= 
put from Model 302A is also a linear function of meter 
deflection, but it requires to be matched with an impedance 
less than 1,500 ohms. To match this output to the high 
input impedance of the plotter, a 640 ohm resistor was 
placed in parallel with the plotter input. The resulting 
voltage did not correspond to any of the fixed plotter 
scales; therefore, a careful vernier adjustment of scale 
values was required to ensure accurate results. 

The arrangement of analysis equipment was as shown in 
Figure 30. The Khron-Hite filter between the tape recorder 
output and wave analyzer input was used alternately in a low 
or high pass mode to avoid the display of a persistent 25a hing 
euemal, generated within the recording equipment. 

The system was calibrated prior to each analysis session. 
After the wave analyzers had been aligned in accordance with 
manufacturers' specifications, a signal of constant level 
and frequency was supplied from the Wavetek signal generator 
in place of the normal tape recorder input. The wave analyzer 
was then tuned to give maximum response, and the level was 
checked against the input level. The wave analyzer output 
was then applied to the Y axis of the plotter while an 
internal time sweep was applied to the X axis. Zero and 
vernier adjustments were made to give the correct level. 
pelnipmea! Galibration plot from the Model 3590A (Figure 31) 


shows that a Sl-millivolt signal is reproduced at 5.1 woe 


ks) 








mollis with a plotter scale of 2 volts/inch network ensures 


taimdcy Lor scale multiples of these basic divisions. 
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VeeREDUCTION OF DATA 


hee REFERENCE LEVEES 

A 4-kHz calibration signal was placed on each tape 
before recording ambient noise data, in order to provide 
a true reference for setting the electronics in the play- 
back recorder. These calibration signals were recorded 
with the NOL control panel set at Al Bl Cl. The normal 
gain with such settings is zero decibels; however, the 
primary high-frequency channel had been replaced with the 
spare channel which provided a 6 dB BAT INOS eho. J 10e 
Levels determined using the calibration signal as a zero 
gain reference between record and reproduce systesis ma , 


therefore, to be reduced by 6 dB for high-frequency channel 
data. 


Cape North calibration inputs were 0.485 Vreikes wens (lig 
1.37 volts peak-to-peak for low-frequency channels and 
0.970 volts rms or 2.74 volts peak-tc-peak for the high- 
frequency channel. The amplitude modulated electronics of 
the Sangamo recorder could readily be adjusted to match the 
output to the calibration level; however, aly OS ueie jak ale 
frequency modulated electronics was not easily achieved 
without several operations. Therefore, a correction sGK@, (0) 16 
was determined based on the difference between the input at 
Cape North and the reproduced output. A exjoieeiiue erste reel wer 


record (Figure 5S eindicates sammich £requeney lover of 
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0.960 volts rms, approximately one per cent lower than the 
input level. The low-frequency calibration signal was set 
at 0.485 volts at Cape North; the output of the wave 
analyzer was 0.400 volts. A calibration correction of 
go) GB Was therefore applied to all low-frequency channel 
spectrum levels. The correction was based on the relation- 


ship level in dB = 20 log i. 


B. INITIAL OUTPUT AND REDUCTION PROCEDURE 
Three sets of records were produced from the noise signal 


on each tape: 


1. A voltage versus frequency plot Czieies Se, ls 
graph presents the noise voltage as a function of frequency 
and permits a realistic although relative appreciation of 
the spectral energy distribution. These plots were repeated 
at different tape positions (Figure Hato assecomtnc 
eiamee of spectral energy density with time. For example, 
Figures 34a and 34b show how the noise voltage in the 
frequency range 1 to 6 kHz had changed over a two-minute 
micenval . 

2. A plot of noise voltage versus (elem ene wel, Oebe eeu elit 
frequency (Figure 35). These vlotomonue eure 100 Gor 200 
seconds in duration, and when repeated at different positions 
along the tape, they indicate the relative stability of the 
noise level for the particular frequency. ame N ger, So 
indicates that the mean voltage at 35 kHz varied from 15 


MOM Geet tVvOlUS OVER a 2700-second interval. This VaArLatlon 
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corresponds to 5.7 dB which which is a large change at this 
high frequency. 

3. The third output form (Figure 36) was the basic 
record from which the noise spectra were produced. | Pimits 
consists of setting the wave analyzer at a pamtlcUlanmeem rer 
frequency and manually positioning the pen along the X-axis 
of the plotter. The analyzer output then produced a vertical 
line showing the maximum and minimum voltage reached during 
the 20-second sample time. The mean voltage was Rep Omsned 
from the meter reading of the wave analyzer. 

Parameters available after the initial output plots had 
been produced were: 

1. Voltage level in millivolts. 

2. Overall system gain. 

3. Hydrophone voltage receiving response. 

4, Frequency response of the system for any given 
melter position. 

[reeRandwidth of the analyzer. 

The following relationships were employed to calculate 


spectrum levels 


1. The output voltage level (Vigteand the system ae ROM Gee 
weeercombined using the formulla G >= 20 Tog =5 Pont Pads eile 
voltage level (V1) at the hydrophone pre-amplifier OU willbe 
merminals. 

2. The hydrophone voltage receiving response (M) is 
usually stated as the number of decibels relative to 1 volt 


produced by an rms acoustic pressure of l dyvnefen [Urick, lice 
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Thus a response stated as -40 dB re 1 volt means tetirctutemret 0) 
open circuit rms voueucem Vv) OL ia) volts is generated by 
an rms pressure of 1 dyne/em?. Therefore, by knowing the 


response and reference pressure, it is possible to find fea 





equivalent reference voltage. Then by using Gh ce maitel Oc 
v__ Vl 
Pref 


the actual rms pressure at the hydrophone can be determined 
since Vl was previously @a em ieatee ca. 


3. Band level (BL) in decibels is defined as: 


BL = 20 log 





P . 
B where ee = Ma gi, 72 
new 
ieee the Spectrum level (SPL) is determined from the band 


level by applying a bandwidth 6W) correction. 


SPL = BL - 10 log W 
5. In order to work with millivolts is Geda) 0 any © Use 
a scale factor of -60 dB/ uw bar is inserted in the final 
equation. 
By eliminating common factors between the above equations, 


the spectrum level may be represented as: 
epi = 20 loo V2 —, 00m meoeom 20 Lop W. 


For example, if V2 = 32 mv, M = -40 dB/ u bar, G = +40 dB, 
and W = 7, the spectrum level is eee db, Vo Wiaw. 
Noise signals recorded simultaneously produced signifi- 


cantly different spectrum levels depending on whether the high 


(20 





or low frequency hydrophone data was pipes emmeceuC E Pol meron. 
However, when the calibration corrections detailed earlier 
in this section were applied, both systems produced a very 


similar spectrum (Figure 38). 
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Vie UTS CUSSION OF DATA 


Normal noise conditions indicate a continuous spectrum 
with higher energy levels in the low-frequency region. The 
frequency range from 200 to 400 Hz was examined using a 
6 Hz and a 100 Hz bandwidth. Spectrum levels calculated 
Poem mean readings in each band variedweby only +.2 dB. 
biemever, perturbations of +12 dB were typical when a 6-Hz 
Mamawidth was used, these were reduced to +4 dB for a 
100-Hz bandwidth. These observations coupled with the 
absence of line components suggest that at any given 
frequency large random fluctuations occur about a mean. 
The bandwidth chosen for analysis must be narrow enough 


to show variations in spectrum level as a function of 


meeaguency but not so narrow that random short duration noise 
Migaemeude changes obscure or make the mean level difficult 
to obtain. To adequately delineate frequency dependence 
below 200 Hz, a bandwidth of not greater than 10 Hz with 
@eoweeprate of not greater than 20 Hz/sec was found to be 
satisfactory, while a 100-Hz bandwidth and a sweeprate of 
100 Hz/sec is ample to investigate the higher frequency 
fmeolens Of the spectrum. 

A characteristic difference between ambient noise profiles 
Miser comaitions of ice Cover and Open water is the occur- 
rance of large random changes in mean level throughout the 


Cilelmemopectrum. Voltace lever versus time plots (Figures 39 
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‘N 


to 41) show that, except for some prominant Soll ess) esky) ie lave 
500-Hz plot, the mean level 1s relatively stable under open 
water conditions. Similar plots for conditions of ice cover — 
(Figures 42 to 47) show that mean voltage levels below 500 
Hz are relatively stable, while at higher frequencies wide 
variations in mean levels occur over short time intervals. 
fiivesie changes are app@rent at all frequencies throughout the 
spectrum. For example, the large me cial iavie wcnte ac Olle rO 1 
lowed in 40 seconds by a relative maximum is a readily 
identified feature in both the 35-kHz (figure AVe jl ebavel Weld eA 
(Figure 47) plots. The absolute level changes, however, 
decrease with increasing frequency. Greater attenuation 
losses at higher frequencies could account for such a 
decrease if the original source level at these frequencies 
were assumed to be equal. The relative stability of the 
low-frequency end of the spectrum and the TLS (WSO abies al iol 

the high-frequency region indicate that the SOUrCemou, seme 
instability is a feature of the ice cover in the immediate 
vicinity of the array, while low-frequency components from 

a much wider source area act to stabilize the low-frequency 
region. The level variations were most pronounced under 
conditions of ten tenths ice cover and when wind conditions 
caused ice convergence along the coast. The Variations alco 
correlated with a high-intensity groaning sound terminating 
in a sharp crack. Visual observations show that large 
cracks suddenly develop in ice floes subject to compression. 


It is proposed that compressional shear within sthe lee t1tela 
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Smermcuced by movement of floes along the shore acts as 
broadband impulsive source. 

Figure 48 shows spectrum levels observed on 15 and 
19 April 1971 which are typical open water spectra for 
Cape North. The curve for 3 September is an open water 
spectrum reduced by NOL personnel. The lower levels in 
ge mange 7O«to 300 Hz may metEeCT The change im) propaga- 
Gmen conditions for sound originating in ee highly strati- 
fieaecOonditions present in September. Typical wind 
dependence was observed above 1,000 Hz. The 3 September 
and 15 April plots were made when winds were 20 mph while 
mmc speed for 19 April was 12 mph. 

All traces indicated a broad maximum between 50 and 
mez. opectra shape in this area foliows curves prodweéeed 
byaicnz that showed the effect of distant ship traffic. 
Automobile and rail ferries regularly ply the route from 
Cape North to Newfoundland and these ships plus the normal 
merchant traffic in the Gulf of St. Lawrence were the most 
probable cause of distant traffic noises. The higher maximum 
observed on 19 April resulted from a small fishing vessel 
operating in the immediate area. 

itcmmac tern spetweome] (0 Nand wiavt ti eizeindiGates aneaned 
Pm chewind-dependent and non-wind-dependent sources 
PmTrehact LOstOrmea COmpOosSite noise spectrum. Ihe gentle 
slope between 100 and 200 Hz indicates that ship traffic 1s 
appredominant source in this region, while a gradual tran- 


Sition to a purely wind-dependent spectrum is observed from 
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moe to 1,000 Hz. This data Supports Wenz's thesis that 
dependence of ambient noise on winds and sea state normally 
decreases below 500 Hz and that highly variable non-wind- 
@emendaent Sources are effective over the range 10 to 

feogo Hz [Ref 2]. 

Under-ice noise spectra (Figure 49) present no clearly 
defined regions. The high levels below 100 Hz still show 
the effect of distant ship traffic; this 1S reasonable con- 
@eaering the relative close proximity of the ferry tracks. 
Spectra slopes are normally less than those observed under 
@pen Water conditions. Abrupt changes in slope were 
moerined to the impulsive source mentioned previously. 

Wind conditions during 15 March were forcing the ice pack 
to move seaward and a one-miie iead was present aiong tne 
GOast. Ten tenths cover on February 22 accompanied by 
on-shore winds resulted in ridging that was associated with 
the higher levels in the high-frequency region. 

iiicmobsierved SpectraleralGccm: OmeOopemeWwate: alldmadce 
moyen COnditions are presented in Firomres 50 and 51. Com- 
Memative data for the range 40 to 1,100 Hz was provided by 
Dawe. A. Payne of DREA. The highest noise levels experi- 
enced under conditions of ice cover correspond to the lowest 
levels for open water conditions below 2 kHz. This indicates 
the major importance of wind and sea as sources of ocean 
noise. Above 2 kHz under-ice spectrum levels fall off less 
napmaly than do open water Spectra, So that at 20 kHz, under- 


ice noise levels are generally above open water levels. 
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Aithouch correlation plots were Noe made as a part of 
this study, there was an obvious lack Ceconnelaelon 
between spectrum levels in different frequency ranges. 
Extreme levels in one region were not associated with 
extreme levels in another region. Such evidence supports 
the thesis that although the noise spectrum 1s Somtinuous, 
separate sources dominate adjacent regions. 

Spectrum levels below 40 Hz were not determined as a 
part of the present study. However, a recurrent high- 
amplitude component with a frequency range from from 1s to 
270 Hz was observed during recording sessions. The levels 
of this signal was sufficient to cause overloading of the 
discriminators. To avoid this condition, the system gain 
was reduced until system overload was not apparent. A 
high-pass filter with an auxiliary amplifier was inserted 
between the discriminator and tape recorder to boost tne 
filtered signal to acceptable record levels. ‘Visual obser- 
vation of ice movement indicated that the 20-Hz signal was 
eeited to reversals of tidal currents. This GDSe ce Vidielo le 
coupled with the extreme topographic variations near Cape 
North and in the Cabot Strait, suggests pressure fluctua- 
tions caused by turbulence in the water column as a possible 
source. Wenz [Ref. 2] cites experimental evidence that 
demonstrates oceanic turbulence induces large pressure 
fluctuations below 10 Hz, which in some instances are 


evident in the frequency range 10 to 100 Hz. 
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Noise spectra for open water conditions. 


Figure 48. 
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Frequency (kHz) 


Typical noise spectra under conditions of ice cover. 


PeCuremcioe 





-osukeg “VY *a °ag Aq poptaoid uotzeuLoFUT wWoLlzZ paz OTd souTT psyseg 
*SUOTIIPUOD 19}3emM UsdO I0F STAAZT WNIZI9dS astToU FO aduLYy "0S sINSTY 


(ZHy) ADUsnbsly 











leq tn [— dL Gp TaAdT OSTON 


90 


100 











Frequency (kHz) 


~ 
L] 


«01 


leq nl [— 39L GP TeAST SSTON 


SAL 


Range of noise spectrum levels under conditions of ice 
Dashed lines plotted from information supplied by Dr. F. A. Payne 


(sae 

in) 

@D -« 
ne 
> 0 
0b > 
‘4 O 
fy. U 





VII. SUMMARY AND CONCLUSIONS 


The results of this study show that the NOL system was 
capable of responding to the range of ambient noise levels 
experienced under both open water and ice-covered conditions. 
However, interference by signals below 30 Hz required the 
Mee Of high-pass filter not intended as a part of the 
instrument package. Since no system response curves for 
frequencies below 30 Hz had been prepared, it was not 
possible to determine quantitatively spectrum levels of the 
Meserterence signals. The data were examined by wave 
aialyzers that provided bandwidths ranging from 6 to 1,000 Hz. 
Meeaumency Sweep rates, Coeect 
ecuresponding to 0, 17, 10, 100, 1,000 Hz/sec, could be 
wmoerca, these features offered sufticient flexability 
to permit several methods of investigation to be carried 
Severn little change-over time required. 

Open water noise spectra observed at Cape North in 65 fms 
correspond to the deep water spectra shape proposed by Wenz 
(1962) rather than the shallow water spectral shapes found 
Srmeeie scOtlan Shelf by Piggott (1964) or in the Gulf of 
St. Lawrence north of Prince Edward Island by Payne (1964). 
The shallow water spectra indicate a wind dependence at all 
frequencies above 20 Hz. Wind dependence does not become 
predominant in the Cape North spectra belcw 500 Hz. However, 


open water noise levels were 8 to 10 dB higher than Wenz's 


Or 





Duerlle for sea state three. More uniform sound propagation 
conditions during the winter may account for this difference. 
The close proximity of a heavily traveled ferry route and 
Meomnal merchant traffic transiting the Cabot Strait account 
mon the persistent shap traffic noise. 

The most obvious effect of ice cover was the decrease in 
spectral energy levels below those observed for open water 
Conditions. The highest under-ice noise levels experienced 
at Cape North below 2 kHz correspond to the lowest levels 
observed under open water conditions. For example, the 
lowest open water noise level observed at 100 Hz was -14 dB 
mee W bar, while the lowest observed under-ice noise level 
ammene Same frequency was -34 dB re 1 w bar. There is no 
imaect dependence of under-1Cce noise ie€vels Cin wi new secu . 
heme ver, the ice pack near Cape North was never shore £ast 
Deemoved constantly under the influence of prevailing 
winds. Payne (1964) reported that the greatest reduction 
mumndaer-1ce noise levels occurred at higner frequencies, 
temic nat high levels did o€cur in the region during ice 
bering. the most prominant feature of undér-ice noise 
observed during this study was the occurrance of high- 
amplitude frequency independent bursts of sound that elevated 
noise levels throughout the spectrum, particularly above 
500 Hz. Impulsive noise sources were reported by Milne 
oncemGanton (1970) to be associated with cracks penerated 


Dyemthermal Stress under shore fast Aretic ice. Although 


Mommaienecetly observed, it 15 proposed that the no1se burses 


o) 





miecme Cape North data originate from shear stresses set up 
by mechanical actions. The bursts were more pronounced 
Bet. CONVergent ten tenths pee cover. Except for persistent 
ship noise, the generation of ambient noise beneath the sea . 
ice in the vicinity of Cape North is controlled by relative 
motion within the ice field. This motion is induced by 
prevailing wind and Racca feuds) sem Netmc nt heCh Of iine sc 
mechanically induced sound bursts was to raise the noise 
level above comparable open water levels at all frequencies 
emeater than 2,000 Hz. 

iiceNOlescyotem as present bacon cumed ls sGapanle son 
Monitoring the level and variability of underwater ambient 
morse. However, 1f a more quantitative cause and effect 
mMetationship is to be establisned, more precise determina- 
tions of environmental parameters is required. Appendix B 
Gontains a proposed plan for future investigations which, 
1t adopted, could lead to an improved understanding of time 


fee Of Change in environmental variables. 
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Date 


Time 


1500 
29 Jan 
1971 


1600 
Z9> Jan 
1971 


1900 
29 Jan 
1971 


2030 
29 Jan 
1971 


29 Jan 
LS) ya 


0930 
22 Feb 
1971 


Tape # 


Seal 
JUS) a) 
Ss ps 


Copy 


1S ios 


IS at ys 


Copy 
A 
Eo ps 


Agl 
ES ips 


APPENDIX A 


TAPE INVENTORY 


Remarks 
Temp 15°F 
Wind 5 mph from SW 
SKy seLean. 


Ice young pack 1/2 mile offshore moving 
from east to west under influence 
of current. Inshore a few small 
floes and new ice formation 

TES tape sent. to ARL 


This was a calibration tape made for NOL 
Channel #1 - Voice 

pao Rie pass hve 

#3 - ARL active 

£4 - NOL HF 

#5 - ARL sync 

#6 - NOL LF bottom 

wie NOL LP top 


Temp 12°F 
Wind 8 mph from west 
hee ecm reCmidas moO. cca d ls gmc aw ium 


only a few floes over the array 
Two ships visible 


COpyO eee neminadcuny Len Bbarvicn lO. slur 
Conmentat, son Cape 


Temp 16°F 
Wind 14 mph from NW 
Barome wera. 09 11 


lees, Us eGover Of new and crey woiece 
Soiemniaeime With Minor pressure 
ridges 


DAaneemloveumnmcanemey sional moni boned 
On MEwenamme 1 


2S 





Date 


Time 


1030 
22 Feb 
1971 


1430 
22 Feb 
1971 


54 0 
22 Feb 
1971 


7250 
22 Feb 
1971 


LS 
Poe reb 
ILS TES 


Wave i 
G 


Speed 


A2 
30 ips 


A3 
LS his 


A4 
30 ips 


AS 
Essays 


60 lips 


Remarks 


ese IES) Fels ave 

Wind 14 mph from NW 

Bait me co o Seeoeee ay. 

Ice as in Al 

CUM ie tar. oiGes 

Filter setting Al then A4 to avoid 
pronounced LF component. 

Oni ene Ghannc lene Condcamtomdc femme 
if fm carry-over affected HF 
Siem le Onepipey TOM rane sr, 


Temp 28 F £al ling 
Wind S mph from Nw veering to SW 
Bary cmeco 0 eee line 
Ice. 8/10 cover with numerous open leads 
OtbMcemE 417 Wes 
Higher amplitude signal apparent 
Cie pwemw way abo pmene 


Temp 25°F 

Wind 8 mph from SW 

Bar 29.0 steady 

Ee aS iis ee lo Ou 24 = lhenes ws enuners 
eles 5 we Geageies sl re cr Ozen 
leads. 

Larece NE wcomponemt sev Paden snl sesame a: 
settings Al and A2 


lenp 18. i 

Wind 8 mph from W gusting to 15 

ytd e, Meewle, (ie ie ake lege 

leewas Sinweowe Leads in the tba, have 
refrozen but leads outside the 
Cape are open 


The first tape made by DREA staff. The 
Pabemesetamtse cord Speed as 50 1p. 
bUt vomee playback is understandaple 
at CMs. his tape and tie shee. 
Mii erOMmeNeme TecOrdced wi til eal 
CleGtrnommess Set for 50 Ips DUE 
the record was Operated at 60 ips. 
Temp 42°F 
Mind Z0te 40 mph from 5° to WN, 

Bar. 29.40 
Ice. Main pack 10 miles offshore. 
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Date 


Time 


28 Feb 
1971 


28 Feb 
1971 


1100 
ealarch 
1971 


1115 
ZeMarch 
1971 


1145 
Zeer ch 
197 1 


ee 7 
6 March 
nO | 


6 March 
1971 


1645 
7 March 
1971 


2200 
7 March 
oral 


apes 


Saal 


5020S 


30 ips 


SQ aL ors 
Nee IE. I 
pO eps 


Reel 2 
30 ips 


Remarks 


Three tapes were recorded on this date. 
Approximately five minutes of data 
were taken at each filter position 
seep e love lplal veda ieneonuken pent telaievoyme Ils Al 
through 5; switches B and C were 
SCE TAG pOSs1 Glens 4 and Se respectively 
Pawpew ne as 7 ene ne pO S Mil OM semeeanide 2 
Ibejoe Js Meier eee eS ieloie 22s 
anda ew tape  Nasmit | Gens posi talons 
4 and 5 plus calibration and self- 
NOtSecwcacnais.. the Tapers ait 
State record speed as 30 ips but 
voice playback is understandable 
ato UMehps wae sclleec tC VOmres sWwere 
Se Gero ops. 


Tapes 1 and 2 were also recorded at 
GOO Trpse With ec. ecetronles Sete bor so Umemnse 
Commentary on tapes. 


The large-amplitude, low-frequency 
Sienabewaseevident Oneal lmen anime scr 


veimiee eae 

Wale As 2G. S17 juoln Masato) m. 

Baier 2. 2 

Ice extended from shore to 11/2 miles, 
then open water. 

A system-generated 25 kHz signal 
present in noise signal of HF channel. 


Commentary on tape 


Commentary for tapes 1 and 2 made by 
IDRIS LS enol eae teyoKe 


a) 





Date Tape # 


G G 
Time Speed 


15 March Reel 1 
1971 elmiicl ae 


30 ips 


17 March aia 2 


1971 30 ips 
1420 Reel 1 
ZeeMarch Nici 2 

1971 10 e yo} 
0940 Reel 1 
27 March Saget 

mo) | Su) ah yore 
1340 Tape A 


30 March SO pS 
Lely 


1410 tapes 
SUeMarch 30 ips 
1971 


1430 Tape DIA 
ioeApri 1 Sl ays 
1971 


Remarks 


Temp 41°F 

Wind 18 mph from S 

Belin 4 SPs Mabel baie 

VEC aE XGeCD EM OmeseatLerledrr | oes an 
the Bay, the main pack was 11/4 
miles offshore. 

The amplifier for the high-frequency 
channel remained in position B2 
throughout both these tapes. Only 
low-frequency channels were analyzed. 


Commentary on tapes. 


Commentary on tapes. 


Temp 30°F 

Wind Calm 

NGC nee =r Oecs I loose mecden 

Jefe) Comoe Oem 

The ARL system was operated during 
this recording session. 


Temp 40°F 

Wind 10 mph from W 

baer come 1S Le 

Fee. thay een ll to 2 miles Ofrshore. 
then open water to the main pack 
abe O eineeleer 

ARL system active during record session. 


The tapes listed as DIA and DIB, etc., 
havemure  £ollowing channel varrange. 


ment: 
A tapes have Channel 1 LF 
Channel 2 HF 
Channel 3 Voice 
B tapes have Channel 5 LF 
Channel 6 HF 
Channel 7 Voice 
Temp 40°F 
Wind 10 mph from S decreasing 
Baka <0 


Opens water ; 
A Dynatronic Model liz high-pass filter 
with a low-frequency cutoff at 40 Hz 
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Date 


Time 


1900 
15 April 
no? 1 


1430 
coe April 
ey 


1900 
10 April 


oy 1 


0830 
iver 1 
ioe 


0930 
iy eApril 
7 1 


1200 
ey April 
7 1 


NOTE: 


Tape # 


& 
Speed 


Tape DIB 
30 ips 


Tape D2A 
SUMS 


tape 2B 


Sve ps 


Tape D3A 
50 ps 


Tape D3B 
30 ips 


Tape D4 
30 ips 


dist Oo Likonws = 


Remarks 


was inserted with an Ithaca Model .: 
6064-54 inserted after the discrimi- 
nator to avoid interference from 

the 20 Hz signal. 


Temp 38°F 

Wind 20 mph from S gusting to 35 
ee 2) 5S) 

Medium rainfall 

Cur GC iia) / sakes 

Filter system not used. 


Temp 38°F 

Wind 18 mph from SE 

Jotelige se “ely 2 

CU neni OK tS 

Prpter SyStemmacm On ela 

Two fishing vessels operating in the 
area. 


Tempipeo) «ir 


aes 4 lh qe 
wemG | Sans weer Ss 


Bay SoS 

Currenmew. 2 ENEeS 

IIE PSS eS) see ise & 

One Coast Guard vessel in visual 
ancien 


Temp 41°F 
Wind 10 mph from E 
Bata 2a oS 


Filter system used for D3A and removed 


PCO LOWw- 1 heGgueney Gomme ile mr 
faded near the end of recording 
Ses calom, 

Hema 4 eee 

Wind 15 mph from E 

Dainese 2 556 


NOL and ARL systems operating. 


Unless votherwise Stated, moumnal channel selectrons vane 


Channel 1 LF 

Channel 2 HE wa timam electrommcs 
Channel 3 LF 

Channels 4, 5S and 6 ARL system 
Channel 7 Voice 
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APPENDIX B 


PROPOSED INVESTIGATION PLAN 


Section III details the wide variation in temperature 
and salinity that occurs in the vicinity of Cape North over 
pmyearly cycle. These two factors determine in large part 
the sound velocity profile. The predominant efflux Only 
fresh water at the surface and influx of salt water near 
the bottom modified by diurnal tidal currents may combine 
with extreme variations in bathymetry to cause turbulent 
pressure fluctuations at a bottom-mounted hydrophone. If 
cause and effect relationships are to be established between 
environmental source functions and ambient noise levels, 
these factors must be considered together with the Walle, 12 itle Jue 
mae 1Ge cover. 

Three field investigations spread over an annual Gy ele 
provide the substance of this proposal. The first investi- 
gation should be conducted in late August when the summer 
cycle is at its peak. The equipment ehoeuld pe wenceked 
and calibrated during this period as well as obtaining 
at least three ambient noise samples. These samples should 
be coordinated with a 24-hour series of hydrographic stations 
to determine temperature, salinity and current Varlacl Onsen 
Giemyemiueasl plane, The 24-hour period is proposed to ensure 
that the effects of tidal currents have been eS tae lis ine ae 


During ambient noise recording sessions, the ship should be 
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meoged for silent operation of, if this 1S not possible, she 
should steam out of the immediate area. 

A similar series of noise samples and hydrographic 
stations should be conducted during late December or early 
January to establish the normal winter propagation conditions. 

The main effort to gather under-ice ambient noise data 
should be expended during February, since a wide spectrum of 
Ice cover iS experienced during that month. Aerial photography 
Sevtne Local region would aid in identification of the amount 
and type of ice cover. A request for services should be 
Emanneled to the Ice Observation Service, Canadian Department 


oe Lima ronment, formerly Department or Transport. 
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